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Abstract. Acrylic resin (AR) is a most popular retanning agent due to its selective filling property and advantage of formaldehyde-
free. The retanning performance of acrylic resin mainly depends on its penetration depth and filling parts in leather. Therefore, 
to improve the retanning performance, it is necessary to fully understand the factors affecting the mass transfer and the 
distribution of acrylic resin in leather. We have found that the structure and the charge of leather and the dosage of acrylic resin 
rather than the molecular weight of acrylic resin are important factors affecting the penetration rate of acrylic resin in crust 
leather by using fluorescent tracer technique. In this study, from the view of electrostatic interaction, effects of neutralizing pH 
and retanning auxiliaries such as phenol sulfonic acid condensation (PSAC) and sodium carboxymethylcellulose (CMC) on the 
penetration and the distribution of acrylic resin in crust leather were investigated. Higher neutralizing pH led to a faster transfer 
of acrylic resin in leather because of the decrease in the positive charges of chrome-tanned leather (isoelectric point 7.1) and 
the increase in the negative charges of acrylic resin. Employing PSAC and CMC enhanced acrylic resin transfer in crust leather 
due to the dramatic increase in the negative charges of acrylic resin. These results indicated that decreasing the electrostatic 
binding force between acrylic resin and crust leather is beneficial to the penetration of acrylic resin in leather, which could be 
achieved by adjusting the neutralizing pH or using acrylic resin together with proper retanning auxiliaries. 
1 Introduction 
Retanning process plays a crucial role in leather manufacture since it can improve the aesthetic and 
physical properties such as the handle, the cutting value or some specific properties of leather1-3. 
Acrylic resin (AR) is a most popular retanning agent due to its selective filling property and 
advantage of formaldehyde-free4-5. It is well known that the retanning performance of acrylic resin 
is closely related to its penetration depth and filling parts in leather6. Therefore, to improve the 
retanning performance, it is necessary to fully understand the factors affecting the penetration and 
the distribution of acrylic resin in leather. In our previous work, an accurate method for visualizing 
and semi-quantifying the penetration of acrylic resin in leather has been developed with a 
fluorescent tracer technique7. Using this technique, we have found that the structure8 and the 
charge of leather9-10 and the dosage of acrylic resin8-9 rather than the molecular weight of acrylic 
resin9 are important factors affecting the penetration rate of acrylic resin in the crust leather. 
Since the electrostatic force between the acrylic resin surface and the leather surface is significant for 
controlling the penetration and the uptake of acrylic resin in leather11-13, therefore, in this study, factors 
affecting the penetration of acrylic resin in crust leather were investigated from the view of electrostatic 
interaction between acrylic resin and leather. Because the float pH is of great importance to control the 
surface charge of leather13-14, tanners usually change the neutralizing pH to adjust the electrostatic force 
between the retanning agents and the leather. Phenol sulfonic acid condensation (PSAC), a main 
component of syntans, is a strong anionic substance with sulfonic acid group and phenolic hydroxyl. 
Moreover, sodium carboxymethylcellulose (CMC) is a kind of green and biodegradable polymer 
compounds15, which has lots of carboxymethyl groups16. The strong anionic properties of PSAC and CMC 
might decrease the surface charge of acrylic resin and leather and enhance the penetration of acrylic 
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resin in leather. Thus, effects of neutralizing pH, PSAC and CMC on the distribution of acrylic resin in the 
retanned leather were investigated using the fluorescent tracer technique. The results obtained would 
enlighten us on finding the key point to control the acrylic resin penetration and achieve a desired 
retanning performance.    
2 Material and Methods 
2.1 Materials 
Two pieces of the chrome-tanned cow leather with a shaved thickness of 1.2 mm (200 g for each) 
were used for neutralizing and retanning trials. One piece of the shaved leather was neutralized to 
pH 4.5, and the other piece of the shaved leather was neutralized to pH 6.5, according to the typical 
leather proessing procedures. Acrylic resin (AR, 35 wt.% in water), composed of the poly(acrylic 
acid), was synthesized in our laboratory. 5-aminofluorescein (AF) were purchased from Shanghai 
aladdin Biochemical Technology Co., Ltd.. The fluorescent labeled acrylic resin (AF-AR) was 
prepared according to the method described in our previous study7,9. Phenol sulfonic acid 
condensation (PSAC, solid content≥95%) was provided by Sichuan Decision Chemical Co., Ltd. 
(China), and sodium carboxymethylcellulose (CMC) was purchased from Chengdu Jinshan Chemical 
Reagent Co., Ltd. (China). All the chemicals used for leather processing were of commercial grade, 
and the other chemicals were of analytical grade. 
2.2 Effect of neutralizing pH on penetration of AR in leather 
To investigate the pH effect on the penetration of AR in leather, two pieces of the neutralized 
leather (pH 4.5, 3g for each) were retanned with 3% AF-AR and 6% AF-AR (based on weight of 
neutralized leather) for 90 min, respectively. Another two pieces of the neutralized leather (pH 6.5, 
3g for each) were also retanned with 3% AF-AR and 6% AF-AR for 90 min, respectively. The float 
ratio of retanning herein was 100%, and the temperature was 35oC.  
After retanning for 90 min, the four retanned leathers were sampled and cut into vertical sections 
of 20 μm thickness on a freezing microtome (CM1950, Leica, Germany). The distribution of AF-AR 
in the sections was observed using an inverted fluorescence microscope (Ti-U, Nikon, Japan), and 
the relative content and the penetration rate of AF-AR in the leathers were semi-quantified by 
processing the fluorescence micrographs with LAS X software.  
2.3 Effect of PSAC on penetration of AR in leather  
Three pieces of the neutralized leathers (pH 4.5) numbered 1-3 (3 g for each) were retanned as 
below. The leather No. 1 was retanned with 3% AF-AR and 100% water at 35oC for 90 min, and the 
leathers No. 2-3 were retanned in the same conditions except addition of 0.25% and 0.50% PSAC, 
respectively. Moreover, another three pieces of the neutralized leathers (pH 6.5) numbered 4-6 
were treated in the same conditions as leathers No. 1-3. After retanning for 90 min, the six leather 
samples were analyzed as described in Section 2.2 for obtaining the distribution of AF-AR in leather. 
2.4 Effect of CMC on penetration of AR in leather  
To investigate the effect of CMC on the penetration of AR in leather, three pieces of the neutralized 
leathers of pH 4.5 and three pieces of pH 6.5 were retanned in the same conditions of Section 2.3 
except replacing PASC with CMC. After retanning, the leather samples were also analyzed as 
described in Section 2.2 for obtaining the distribution of AF-AR in leather. 
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3 Results and Discussion 
3.1 The Effect of neutralizing pH on Penetration of AR in Leather  
The distributions of AR in the retanned leathers were as shown in Figures 1(a), 1(b) and 1(c). It can 
be seen that the penetration depth, relative content and penetration rate of AF-AR in leather were 
increased with increasing neutralizing pH and AF-AR dosage. After retanning with 3% AF-AR for 90 
min, the penetration depths of AF-AR in the grain layer and flesh layer of the leather neutralized to 
pH 4.5 were 0.07 mm and 0.18 mm, respectively, while those in the grain layer and flesh layer of 
the leather neutralized to pH 6.5 were 0.32 mm and 0.35 mm, respectively (see Figure 1 (b1)). This 
is because compared with neutralizing to pH 4.5, neutralizing to pH 6.5 decreases the positive 
charges of chrome-tanned leather (isoelectric point 7.1) and increases the negative charges of 
acrylic resin, which is helpful in reducing the electrostatic attraction between the acrylic resin and 
the crust leather (Figure 2). When the AF-AR dosage was increased from 3% to 6%, the penetration 
rate of AF-AR in the leather (pH 4.5) was increased from 18% to 39%, but it still lower than that 
(48%) in the leather (pH 6.5) retanned with only 3% AF-AR. Moreover, AF-AR penetrated the whole 
leather neutralized to pH 6.5 when using 6% AF-AR. These results indicate that neutralizing pH has 
a greater effect than the acrylic resin dosage, meaning that the electrostatic attraction is a more 
important factor affecting the penetration rate of acrylic resin in leather than the concentration 
gradient.   
 
Fig. 1. (a) Fluorescence micrographs of vertical sections (bar 500 μm) from the retanned leathers; (b) relative contents 
and (c) penetration rates of AF-AR in the leathers obtained by analysis of Figure 1 (a) using Image J software. 
Fig. 2. Schematic diagram of penetration of acrylic resin in the leathers neutralized to pH 4.5 or 6.5. 
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3.2 The Effect of PSAC on Penetration of AR in Leather 
In retanning process, tanners usually compound retanning agents with various auxiliaries to obtain 
an excellent retanning performance. In this part, PSAC, a strong anionic substance with sulfonic acid 
group and phenolic hydroxyl, was used to decrease the surface charge of acrylic resin and leather 
for enhancing the penetration of acrylic resin in leather.  
From Figures 3(a), 3(b) and 3(c), it was obvious that the penetration depth of AF-AR in leather was 
increased with the dosage of PSAC. When the leather was neutralized to pH 4.5, the penetration rate of 
AF-AR in the leather retanned with 3% AF-AR was about 18%, and that in the leather retanned with 3% 
AF-AR and 0.5% PSAC was increased to 39%. When the leather was neutralized to pH 6.5, the 
penetration rate of AF-AR in the leather retanned with 3% AF-AR was about 48%, while the penetration 
rate of AF-AR in leather was higher than 84% even if using only 0.25% PSAC together with 3% AF-AR. 
Specifically, AF-AR almost fully penetrated the crust leather when retanning with 3% AF-AR together 
with 0.50% PSAC. This is because using PSAC could decrease the positive charges of leather due to the 
reaction between the phenolic hydroxyl of PSAC and leather and the incorporation of the sulfonic acid 
group of PSAC into leather. On the other hand, adding PSAC could also increase the negative charges of 
acrylic resin, which is helpful in reducing the electrostatic attraction between acrylic resin and leather 
(Figure 4). Adding 0.5% PSAC effectively increased the penetration rate of acrylic resin in leather (92%, 
Figure 3(c2)), which was close to that by using 6% AF-AR (100%, see Figure 1(c2)). These results also 
confirm that the electrostatic attraction between acrylic resin and leather plays an important role in the 
penetration of acrylic resin in leather.  
 
Fig. 3. (a) Fluorescence micrographs of vertical sections (bar 500 μm) from the leathers retanned with 3% 
AF-AR and PSAC; (b) relative contents and (c) penetration rates of AF-AR in the leathers obtained by analysis 
of Figure 3 (a) using Image J software.  
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Fig. 4. Schematic diagram of penetration of acrylic resin in the leathers retanned with AF-AR or the mixture 
of AF-AR and PSAC. 
3.3 The effect of CMC on penetration of AR in leather 
In this part, anionic CMC with abundant carboxymethyl groups and good biodegradability was also 
chose to investigate the effect of electrostatic attraction between acrylic resin and leather on the 
penetration of acrylic resin in leather.  
Figures 5(a), 5(b) and 5(c) showed that adding CMC obviously increased the penetration depth, 
the relative content and the penetration rate of AF-AR in leather. When the crust leather was 
neutralized to pH 4.5, after retanning with 3% AF-AR, the penetration rate of AF-AR in leather was 
about 18%. After retanning with 3% AF-AR and 0.5% CMC, the penetration rate of AF-AR in the 
leather was increase to 39%, where the penetration depths of AF-AR in the grain layer and flesh 
layer were 0.25 mm and 0.30 mm, respectively. When the crust leather was neutralized to pH 6.5, 
the penetration depths of AF-AR in the grain layer and flesh layer of the leather retanned with 3% 
AF-AR and 0.25% CMC were 0.43 mm and 0.55 mm, respectively, and those in the grain layer and 
flesh layer of the leather retanned with 3% AF-AR and 0.50% CMC were 0.44 mm and 0.78 mm, 
respectively. Moreover, the penetration rates of AF-AR in leather by adding 0.25% CMC and 0.50% 
CMC were 70% and 87%, respectively, which were significantly higher than that in the leather 
retanned with only 3% AF-AR (48%). These results show that using anionic CMC can obtain a similar 
effect to PSAC on promotion of acrylic resin penetration, which indicates that reducing the 
electrostatic attraction between acrylic resin and leather indeed increases the penetration rate of 
acrylic resin in leather (Figure 6). The fact that the penetration rate of acrylic resin by adding CMC 
was slightly lower than adding PSAC might be due to the thickening property and the higher 
molecular weight of CMC. 
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Fig. 5. (a) Fluorescence micrographs of vertical sections (bar 500 μm) from the leathers retanned with 3% 
AF-AR and CMC; (b) relative contents and (c) penetration rates of AF-AR in the leathers obtained by analysis 
of Figure 5 (a) using Image J software. 
 
Fig. 6. Schematic diagram of penetration of acrylic resin in leathers retanned with AF-AR or the mixture of 
AF-AR and CMC. 
4. Conclusion 
Surface charge properties of acrylic resin and leather are important factors affecting the 
penetration of acrylic resin in retanning process. Neutralizing to higher pH and employing anionic 
materials, such as PSAC and CMC, can effectively improve the penetration rate of acrylic resin in 
leather due to the decrease in the positive charges of leather and the increase in the negative 
charges of acrylic resin. These results suggest that decreasing the electrostatic binding force 
between acrylic resin and leather is a promising approach to improve the penetration of acrylic 
resin in leather and obtain an intended retanning performance. 
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